C erebrovascular accidents (CVA) represent the most common etiology of adult-onset hemiplegia, with a national inci dence rate of approximately 400,000 CVAs per year (I). CV A disru pts the normal stimulus-integrative-re sponse-feedback mechanism of the central nervous system by causing faulty sensory input, poor integra tive function, distorted feedback, and ultimately, inadequate motor responses (2) .
Occupational therapists, as core professionals of a multidisciplinary team, use a variety of therapeutic modalities to enhance the integra tion of the sensory and motor sys tems to improve the patient's func tional skills. Attainment of therapeutic goals often requires extensive treatment, and the high cost and duration of rehabilitation therapies can significantly limit delivery of adequate care. There fore, adjuncts or alternatives to conventional treatment have been clinically researched, with biofeed back being one of the more promis ing considerations.
Review of the Literature Wiener (3) applied the concept of servomechanism to human func tioning and used the term biofeed back to refer to the monitoring of a physiological phenomenon by an organism. Transformation of in ternal events into external informa tion can be adapted to a variety of medical and psychological dysfunc tions (4, 5) .
Biofeedback for muscle reeduca tion of the hemiplegic patient was first reported in the literature in 1960 (6) . Since then various studies of electromyographic (EMG) feed back, using needle or surface elec trodes wi th audiovisual feedback, have revealed promising results for the hemiplegic patient in terms of enhanced motor function (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Lee et al. (18) , however, found no differ" ence between biofeedback and con ventional treatment in a controled single group study of upper extrem ity function.
Kinesthetic monitoring is another type of biofeedback being studied in physical rehabilitation, and it is the focus of this investigation. Kines thetic feedback relays information pertaining to actual movement of a body part, rather than recording the activity of muscJdibers. Halpern et al. (19) , Harris et al. (20) and Wool dridge et a!. (4, 21) designed devices for the head, limbs, and trunk of children with cerebral palsy to assist in controling posture and voli tional movements. Moore (22) used vibratory feedback to facilitate functional head movements in se verely and profoundly retarded individuals with cerebral palsy. Herman (23) fabricated a hand splint for spastic patients that de tects excessive wrist flexion and facilitates a position of function. Brown et a!. (24) has used feedback goniometers to assist patients in controling range of motion in the wrist and fingers during exercise and therapeutic activities.
Immediate, continuous, and ac curate information concerning self produced movements facilitates the reinforcement and modification of movement patterns (24, 26) . This st udy was designed to assess the effectiveness of kinesthetic biofeed back as a modality in the treatment of hemiplegia. It was proposed that if a hemiplegic subject received cor rect sensory monitoring of a voli tional motion, the motor act would be reproducible.
Methodology
Selection of Subjects. Twenty volun teer subjects were selected according to the following criteria: I. min imum age of 30 years; 2. hemiplegia secondary to a cerebrovascular acci dent; 3. minimum of one year post CVA; and 4. minimum discrepancy of 20° between active and passive elbow extension.
An equal number of subjects were randomly assigned to one of two treatment groups: kinesthetic bio feedback, the experimental treat ment modality; or the control group, conventional occupational therapy.
Control Treatment Group. Con trol group subjects were treated using a conventional occupational therapy approach that was deter mined by polling eight registered occupational therapists active in treatment centers throughout the urban area of this study. The treat ment techniques described were essentially those derived from Signe Brunnstrom's therapeutic approach for the treatment of the adult hemi plegic. These techniques involve eliciting, reinforcing, or modifying reflex synergy movements using afferent stimuli and postural re flexes. The goal is to eventually achieve voli tiona I control of movement (27, 28) .
The following four treatment techniques were used in various combinations, and modified as nec essary to meet individual subject's needs to enhance upper extremity function with an emphasis at the elbow: eliciting postural reflexes and body positioning; sensory stimulation to increase awareness of impaired upper extremity; man ual resistance; and functional activ ities to facilitate movements out of synergy.
Kinesthetic Biofeedback Treat ment Group. Su biects in this group
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The electrogoniometer was con nected to an M-50 electromyome ter (29) consisting of a 0° to 100° metered scale calibrated to the elec trogoniometer to provide a visual analog of elbow extension: 0° repre sen ted a position of elbow flexion, and 100° represented a position of theoretically complete elbow exten sion. The meter was connected to an LGS-100 digital scorekeeper (29) with a threshold setting device (Figure 2) .
When a specified, present amount of elbow extension was attained or surpassed, a green light was acti vated. This light was positioned for each subject in a functional visual field. The correlation of the ligh t, meter, and elbow extension was demonstrated until the subject clearly understood how it func tioned. This LOok less than three minutes, and it was noted that even those subjects with receptive apha sia were able to comprehend, which was demonstrated by consistent attempts to activate the light when a visual or verbal command was given. Audio feedback consisted of a tone thai increased in pitch as elbow extension increased. An external speaker attached to the electro myometer could be turned off or adjusted fbr volume.
Shaping motor behavior involves defining the desired response and reinforcing approximations to that pattern. In this study, shaping was accomplished by using the score keeper combined with the analog meter. The scorekeeper allowed for the selection of a trip-point thresh old on the meter, providing the therapist with a means of control ing and adjusting the amount of extension required to activate the light and increase audio frequency. The threshold was initially set to correspond with a meter reading within the subject's active range of motion so that the individual could experience success in activating the light. Three trials were given at a selected setting and, if the subject activated the light, the threshold was set higher by one degree. If the subject was unable to activate the light in three trials, the threshold was set lower by one-degree incre ments until success was achieved. When the subject was able to again activate the light, the procedure of increasing the threshold was re peated.
All subjects were treated by the same occupational therapist in a small, quiet room twice a week for four weeks in individual, half-hour sessions. Active elbow extension was measured with a conventional goni ometer at the beginning and the end of each treatment session.
Results
The two treatment groups were sta tistically equivalent with respect to subjects' age, sex, and length of time since their eVA. The groups were similar in regard to amount of elbow flexor tone, upper extremity motion, gross sensation, kinesthetic awareness, and independence in self-care skills. The site of injury and presence of aphasia were not equivalent; unfortunately, because of the small sample size and the randomization process, it was not possible to match all potentially relevant variables. Each subject's degrees-of-change were measured by (Table I) . Age, gender, and length of time beyond one year post-CV A were correlated with changes in elbow extension; none of these variables were statistically significant.
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Intragroup analysis calculated with a t-test revealed that subjects with minimal elbow flexor spastic ity had good results regardless of the treatment approach. The probabil ity that these subjects showed greater improvement than other members of that same group was significant at the .09 level for the control group and at the .05 level for the experi mental group. The small sample size precludes making any firm conclusions based on these data.
In the experimental treatment group, subjects with receptive and/ or expressive aphasia were com pared to nonaphasicgroup members to determine whether those indi viduals with a communication dis order were capable of benefiting from this type of treatment modal ity. The mean increase for the aphasic subjects was 13.3°, whereas the mean increase for the non aphasic su bjects was 7.5°. Although these differences were not statisti cally significant in a two-tailed t test (p =0.70), it is of clinical signifi cance in that aphasic subjects had an equal chance of benefiting from kinesthetic biofeedback ( Table 2) .
Discussion
Description of Findings. The results of this study indicated that kines thetic biofeedback was of equal ther apeutic value to, but no more effective than, conventional occu pational therapy when attempting to increase active elbow extension in hemiplegic subjects. Although the total mean improvement was small, it is important to note that, to exclude spontaneous functional return, all subjects were beyond the optimal recovery stage.
These data suggest that an indi vidual's age, sex, and length of time beyond one year post-CVA do not significantly affect treatment out come. These observations are con sistent with previous reports using other biofeedback techniques (8, 9, 18, 22) .
Although the number of aphasic subjects was too small to provide conclusive data, subjects with aphasia benefited from kinesthetic biofeedback as much as subjects without a language disorder. In all previous reports (6-14) subjects wi th aphasia were either excluded from study or not distinguished in the analysis; presumably this occurred to optimize chances of detecting the therapeutic potential of biofeed back. However, the aphasic subject might uniquely benefit from this nonverbal, multisensory, experien tial treatment modality since body awareness is reintroduced in a manner other than one requiring intact language skills.
The electrical components of kinesthetic biofeedback are safe, relatively inexpensive, and easy for therapists and patients to learn to use effectively. Several subjects as sumed an active role and might have been capable of working inde pendently with the equipment in a clinic setting. This would signifi cantly decrease the cost of one-to one treatment sessions. The bio feedback machinery would be able to furnish some of the motivation and reinforcement usually provided by a therapist.
Occupational therapists have been incorporating the basic con cept of tactile and visual feedback in relation to self-produced move ments as an integral aspect of train ing motor skills. It has therefore seemed logical that immediate, accurate sensory information could serve as an adjunct to conventional therapy practices to accelerate or facilitate muscle reeducation. However, in order to determine the effectiveness of biofeedback in this study, the experimental group was treated with only one therapeutic modality. Thus the potential use fulness of kinesthetic biofeedback could be underestimated because the use of an isolated modality in the treatment of hemiplegia is limited considering the magnitude of dysfunction. Kinesthetic bio feedback might be of greater value if used as a part of a more comprehen sive multimodality treatment pro gram.
The majority of subjects in both groups improved in aspects not di rectly related to the treatment such as an increase in motivation to begin or revise a home exercise pro gram, a determination to improve self-care skills, and a heightened awareness of their affected upper extremities. Initially, this enthusi asm was attributed to the volunteer ing phenomenon; however, with further questioning it became evi dent that a majority of these indi viduals were discouraged and felt rejected in their previous rehabilita tion programs. They spoke of being "kicked out" because of a lack of progress and did not know how to tap the rehabilitation health-care system for continued assistance.
Most of the subjects in this study recalled unrealistic expectations when they were initially recovering from their stroke, but they had since developed a day-to-day awareness of their abilities, limi ta tions, wants, and needs. As a group, they were self-motivated and sought advice from the investigator on a gamut of related issues-such as home pro grams, community activities, self care techniques and equipment, use of upper extremity slings and splints, adjustment of lower ex tremity orthotics, and automobile driving programs. Moreover, these individuals expressed gratitude that a professional was taking an inter est in their functional status.
This raises the issue of the finan cial feasi bili ty of professional ser vice for limited goals. Perhaps the answer lies in a comprehensive out patient clinic that could follow these chronically disabled patients and provide on-going reassessment, short-term treatment, and consulta tion from a multidisciplinary reha bilitation team. It is clear that an individual with hemiplegia can continue to improve years after a CV A and may be realistically moti vated to participate in treatment.
Summary
Kinesthetic biofeedback has been shown to be a useful technique for increasing active elbow extension in adult hemiplegics. Further con troled clinical studies will be needed to determine the optimal use of this modality in treatment regImes.
